ABSTRACT. Sustainability science focuses on generating and applying knowledge to environmentally sound human development around the world. It requires working toward greater integration of different types of knowledge, ways of knowing, and between academy and society. We contribute to the development of approaches for learning from indigenous knowledge, through enhanced understanding of the system of values, meanings, and relationships afforded by indigenous arts. We focus on a long-term, participatory action research project developed for the revitalization of weaving knowledge among three Kawaiwete (also known as Kaiabi) indigenous groups in the Amazon. The problem was originally defined by indigenous communities, concerned with the erosion of weaving knowledge of basketry and textiles among men and women. Methods for coproduction of knowledge included dialogical methods and tools, indigenous-led strategies, and quantitative and qualitative approaches across biophysical and social sciences. Longitudinal and cross-sectional studies considered multiple dimensions, scales, and networks of knowledge creation, distribution, and transmission. Innovation and articulation with western systems, along with shamanism, gender, and leadership, were key factors enhancing artistic knowledge resilience. We reflect on lessons learned and implications of this initiative for broadening the understanding of art and science intersections toward a sustainable future.
INTRODUCTION
Sustainability science is an emerging approach concerned with producing and applying knowledge that is relevant for achieving human well-being while protecting the Earth's life support systems for future generations (Kates et al. 2001) . Sustainability challenges require new forms of knowledge production and integration within and beyond academic disciplinary fields across the humanities and the biophysical, formal, social, and applied sciences, as well as other nonacademic knowledge domains, such as indigenous knowledge and policy making (Martens 2006 , Lang et al. 2012 . A key aspect of this engaged knowledge field is the involvement of actors outside academia in the research process, creating a shared understanding of social-ecological systems and exploring innovative approaches for learning, and producing knowledge that is relevant, credible, and legitimate for local communities, scientists, practitioners, and decision makers (Gibbons et al. 1994 , Kates et al. 2005 , Lang et al. 2012 ).
According to Martens (2006) , approaches informing sustainability science have included analytical, participatory, and managerial methods. Participatory approaches articulating academic and local or societal knowledge for sustainable development started in the field of rural development and adult education, and since then have taken many forms and directions, including collaborative research and participatory action research (PAR; Freire 1970 , Chambers 1994 , Probst et al. 2003 . Participatory research emerged in the 1960s and 1970s as a critical approach in adult education in the geographic South, particularly in Africa, Asia, and Latin America, focusing on the importance of learning and organizing as vehicles for empowerment. It grew as a reaction to positivistic and empiricist philosophical systems, attempting to find ways of uncovering knowledge that worked better for societal needs (Chambers 1994, Etmanski and Pant 2007) .
Within participatory development, the participatory action research approach is developed through collective inquiry and experimentation grounded in experience and social history. It emphasizes collective participation and action, in which core searchers seek to understand the world by collaboratively trying to change it, sharing research methods, learning, and by building mutual capacity (Reason and Bradbury 2008, Long et al. 2016) . Participatory research as a philosophy for articulating scientific and societal knowledge in sustainability science faces many challenges. Questions of who defines the agenda for research, ethics, power differentials in knowledge production and appropriation, ownership and identity of the research project, and the political and financial dimensions of the research process and outcomes need to be addressed (Edwards et al. 2008 , Mariella et al. 2009 , Athayde et al. 2016 ).
In parallel with the emergence of participatory approaches for integrating scientific and societal knowledge in sustainability science, in the 1970s, psychologist Jean Piaget coined the term "transdisciplinary," referring to an epistemological paradigm that enables the transcendence of academic disciplines, in which the relationship among them would be situated in a totalizing system, without stable borders (Nicolescu 2010) . More recently, scholars have employed the term transdisciplinary as a principle for joint knowledge production between science and society in the resolution of societal problems (Tress et al. 2006 , Lang et al. 2012 . In principle, the transdisciplinary approach would enable the appreciation of other ways of knowing and diverse ontological worldviews, contributing to raise awareness toward resolving issues of power and dominance of western science over other knowledge systems, be they indigenous, afro-descendent, or simply local (Santos 2007 ). Transdisciplinarity does not necessarily employ participatory approaches and methods in its practice and might not aim for community empowerment (Klein 2008) .
There is widespread recognition that indigenous knowledge systems (IK) are vital components of environmental management, biodiversity conservation, and sustainability (Gadgil et al. 1993 , Berkes et al. 1994 , Heckenberger et al. 2007 , Pretty et al. 2009 ). Nonetheless, practical and conceptual bridges between indigenous peoples, scientists, politicians, and society at large in knowledge production, sharing, and integration are often poorly developed, although all aim toward coexistence in an interconnected world (Raymond et al. 2010, Bohensky and Maru 2011) . Berkes and Berkes (2009) remind us that what science designates as "indigenous knowledge" is rooted in a different worldview than western science and, as such, works under different starting points, assumptions, and rules. Brosius (2004) highlighted questions of representation of what is considered "local," because IK is often mediated by researchers who speak on behalf of indigenous peoples in national and international venues. He adds that scientists who focus attention solely on ecological knowledge typically ignore other domains, as if they were separated from the local context of IK and its applications in environmental management.
We contribute to the development of transdisciplinary approaches for learning from indigenous artistic knowledge in research actionable for sustainability. The empirical example we explore focuses on a long-term action-research project carried out among three Kawaiwete indigenous groups in the Brazilian Amazon, aimed at the revitalization of artistic knowledge of basketry and textiles among men and women. According to van Velthem (2003) , any indigenous object which integrates the larger material culture system might be considered a work of art for its aesthetic and technical qualities. Chernela (2008) argued that material culture objects may work as signifiers of history, or as agents in the construction of history, having consequences in the social and political life of indigenous peoples. The objects bring with them a web of meanings, reflecting aspects of the ecology, economy, and the lifestyle of indigenous peoples (Ribeiro 1987) . They can work as stimuli upon which human societies reflect and restate their culture, through material and symbolic representations (Ribeiro 1987 , Ross 2004 .
For this analysis, weaving knowledge, and associated ways of knowing, symbolic meaning, and management practices were approached as social-ecological practices. Topics including ontologies (study of categories of beings and their existence), collective memory, learning and knowing pathways, ethnoecology, use and management of natural resources employed in weaving, as well as knowledge distribution and intergenerational change, were studied through inter and transdisciplinary approaches in collaboration with four Kawaiwete communities over an eightyear time frame.
METHODS

Study site
The Kawaiwete (recent self-designation, also known as Kaiabi) are a Tupi-Guarani speaking people who originally occupied several tributaries of the Tapajós River in the southern Brazilian Amazon. Between 1950 and 1966 , the Brazilian federal government forced the relocation of the majority of the group to what is now the Xingu Indigenous Park (PIX). Although most people relocated to Xingu, two smaller groups resisted and live close to their ancestral regions, one on the Dos Peixes River and the other along the Teles Pires River (Fig. 1) . Weaving is an artistic social-ecological practice of special importance among the Kawaiwete, reflecting aspects of the group's history, cosmology, ecology, and social-economic organization. The repertoire of graphic designs represented in basketry and textiles may be understood as an immaterial cultural heritage, which perpetuates Kawaiwete collective memory and identity ).
The forced displacement and resettlement of the majority of the group from their original territory in the Teles Pires and Rio dos Peixes rivers to the upper Xingu region, between 1950 and 1966, followed by land demarcation and other political processes, resulted in overall social transformations and loss of access to strategic natural resources. This led to erosion of weaving knowledge, to varying degrees, across the three Kawaiwete groups. A particularly important plant resource scarce in Xingu is "uruyp" (Ischnosiphon gracilis, Marantaceae; "arumã" in Portuguese), the main fibre used in Kawaiwete baskets. This herb forms clumps in swampy and periodically flooded areas throughout lowland Amazonia (Andersson 1977) , but occurs only in scattered and small populations in the northwest, more humid, region of the park.
Methodological approach
The experience we present was part of the Xingu Program of the Instituto Socioambiental (ISA, a Brazilian NGO, http://www. socioambiental.org) and was carried out in partnership with indigenous organizations Associação Terra Indígena Xingu (ATIX) and Kaiabi Association in the Teles Pires area (Kawaip) among four Kawaiwete communities, across three Kawaiwete lands with distinct social-ecological contexts: two in Xingu Park (Capivara and Tuiarare villages), one in Rio dos Peixes village (Apiaká-Kaiabi indigenous land) and one in Kururuzinho village (Kayabi indigenous land on the Teles Pires River).
The problem was initially presented to us by Kawaiwete leaders, concerned about the erosion of artistic knowledge among men and women, as well as about environmental constraints linked to availability and management of natural resources, with a focus on the arumã plant used in basketry weaving by men (Ischnosiphon gracilis) and the cultivated native cotton (Gossypium barbadense) used in textiles weaving by women. Kawaiwete basketry encounters its greatest expression in the twilled-plaited baskets made by men and used by women, exchanged, or sold to nonindigenous persons. After the transfer of the majority of the group to Xingu Park in the 1970s, women started to weave basketry designs into different woven objects, such as hammocks, straps for carrying babies, and, more recently, on bags commercialized to nonindigenous persons (Ribeiro 1984 (Ribeiro /1985 .
Aiming to revitalize weaving knowledge across geographically separated groups, a group of men and women from the Tuiararé village in Xingu and the Kururuzinho village in Teles Pires, developed a participatory action-research, community-based project that lasted seven years (named Kaiabi Araa, or design of the Kaiabi). It included the organization of weaving workshops for men and women involving teachers or experts and students from several age groups in villages in the Xingu and Teles Pires rivers. It was funded by the Indigenous Peoples Demonstrative Projects (PDPI) from the Pilot Program to Conserve the Brazilian Rain Forest (PPG7), and it was implemented by indigenous communities in partnership with ISA and ATIX.
Activities for collaborative research and knowledge integration included the design, coordination, and integration of two broader sets of methods and tools: strategies developed by indigenous peoples, and methods and approaches from academic fields in the biophysical and social sciences (Fig. 2) . Transdisciplinary methods and tools enhanced the integration of both sets of strategies and methods, and included integration of efforts and https://www.ecologyandsociety.org/vol22/iss2/art36/ knowledge among practitioners, NGOs, researchers, and indigenous communities. Research questions were defined jointly by indigenous communities, researchers, and practitioners, and results were integrated to practical activities for knowledge revitalization and environmental management.
Academic research was conducted in collaboration with the community-based project through a mixed methods quantitativequalitative approach, including ethnographic and ethnoecological methods for data collection characterizing diverse dimensions of weaving knowledge among men and women. Semistructured interviews were conducted among 224 people (110 men and 114 women) over 15 years of age across 4 villages, 2 of them located in the Xingu indigenous land (Tuiararé and Capivara), 1 in the Apiaká-Kaiabi indigenous land (Rio dos Peixes village) and the other in the Kayabi indigenous land in the Teles Pires River (Kururuzinho village). A comprehensive catalog containing photos of 36 coded basketry designs was used in the interviews.
To assess the impact of the Kaiabi Araa project on the knowledge of basketry designs, we conducted a comparative longitudinal assessment of the number of basketry designs woven by men in Tuiararé (with project) and Capivara (no project) villages before and five years after the Kaiabi Araa cultural revitalization project was developed. A binomial proportion comparison (Ott and Longnecker 2010) 
RESULTS
Methods and strategies for coproduction of knowledge
During the eight-year involvement in the Kaiabi Araa cultural revitalization project, we found that the use of a mixed methods approach, in which indigenous strategies were allowed and encouraged to emerge along with academic research, was an important step toward coproduction of knowledge that was relevant for both indigenous peoples and for the development of transdisciplinary theory on indigenous artistic knowledge. Products of this initiative included an indigenous monograph for the conclusion of a bachelor's degree in literature by an indigenous teacher and leader, technical reports presented to funding agencies, a Master's thesis, a doctoral dissertation, educational and academic materials, national and international awards, and a video documentary (Kaiabi Araaa video filming available at https://vimeo.com/26896495).
Indigenous leadership and participation in defining research questions, carrying out interviews, and organizing weaving workshops was a key element in this long-term experience. However, we learned that indigenous leadership in development and community-based projects does not happen overnight. The long-term access to financial, technical, and intercultural educational support provided by ISA and international funding, were critical to build the social capital required for indigenous self-determination and leadership observed among the Kawaiwete from the Xingu Park, in contrast with the other two groups.
The process of integration of academic research methods with learning-by-doing methods developed by indigenous peoples in the weaving workshops was challenging, because the ways through which knowledge is approached by science and by indigenous communities has fundamental epistemological differences. Thus, knowledge and learning needed to be explicitly negotiated and translated during the project activities. Indigenous knowledge is produced and validated through collective memory, social order, and experience. Scientific knowledge is produced through hypotheses testing, systematic procedures, and theory development. Indigenous workshops were viewed by researchers as quite disorganized and nonstructured, whereas graphs and tables produced by systematic collection of information by researchers were difficult to understand for indigenous persons.
Curiously, quantitative results produced by statistical analyses of the distribution and transmission of weaving knowledge across genders and geographic groups was a powerful outcome appropriated by indigenous peoples. Leaders argued for the need to revitalize knowledge of threatened designs and to combine traditional ways of knowledge transmission with new ones, such as the promotion of workshops and the use of books with photographs. The books now may play the role of snake's skins mentioned in the myth of the origin of basketry designs (an excerpt of the myth is presented in the next section), keeping a visual memory or catalogue of designs that can be copied and passed on to future generations by more experienced weavers.
Between art and science: living objects, threatened knowledge From the interviews with elders and shamans, we found that in Kawaiwete cosmology, objects enacting collective artistic knowledge are living beings. Learning and creating, in Kawaiwete society, are related to shamanism. The skillful basket weaver, named Tuiarare, was also a great shaman and, according to a myth, learned to weave designed baskets by stealing a piece of basket from the house of a snake, a supernatural being. (Fig. 3;  Athayde 2006 ).
The myth goes as follows:
Tuiarare, the great ancestral hero, creator of Kawaiwete people, went on an expedition to Xingu River (Wywa'y) to collect a kind of bamboo (canabrava, Gynerium sagitatum) to make arrows. He walked around a lot, and he discovered many natural resources important for the Kawaiwete people during his travels. On his way back home, he arrived at a village; it was the "snake" village. After discussing with the snake for one entire night, he spoke the name of a great hawk known as a snake eater, and then he left the house carrying a piece of designed basket, from which he learnt how to weave baskets and transmitted this learning to the Kawaiwete people (Athayde 2006 ).
The acts of creation, discovery, or dreaming are intimately linked to symbolic development, creation of new designs or painting patterns, and naming beings. In a sense, then, artistic objects are alive, they are not objects, but subjects.
The materials used in basketry and textiles are also live beings who have their own spirits or masters: the arumã plant, the main fiber used in designed basketry, has its own spirit, as does the cotton used by women to weave hammocks, bags, and belts. Cotton seeds were "born" from a woman's vagina during a shaman's prayer. Traditional mechanisms for learning to weave among men and women involve observation, copying, doing, undoing, and repeating (Crickmay 2002 , Wyndham 2002 , Zarger 2002 . For the designs, it also entails mastering a particular system of mathematics and counting. The different designs reproduced in the baskets and textiles express a symbolic language that is unique to the Kawaiwete people. Austrian anthropologist Georg Grünberg identified and documented 12 graphic designs for the Kawaiwete baskets during his work with the group in the 1960s (Grünberg and Grünberg 1967) . His photographic documentation was repatriated to the Kawaiwete by us, through a kind donation by the Museum of Cultures of Basil, Switzerland. Additional photos used in the catalogue were donated by other national and international ethnographic museums.
We found that artistic knowledge of basketry designs was heterogeneously distributed among the Kawaiwete and across the three geographically separated groups ). Although artistic knowledge has been maintained in the Capivara and Tuiararé communities in Xingu Park, it has been eroded in the Rio dos Peixes and Kururuzinho villages in the ancestral territory.
Continuity and change: innovation and social-ecological resilience
A total of 67 people participated in the 3 indigenous-led workshops of the Kaiabi Araa project in the Tuiararé and Kururuzinho villages; of these, 11 were basketry teachers, 7 were textiles teachers, 27 were male apprentices, and 22 were female apprentices. It was the first time that many youth living in the ancestral land (Teles Pires River) had the opportunity to learn with Xingu teachers, especially the young women. The project also involved teachers followed the work of the apprentices after the workshops, which was very important for fixating the learned techniques. A summary of the items produced for the three workshops is presented in Table 1 . The collection of 76 baskets produced included 13 graphic designs, including the most complex ones known as "ta'agap" (mythical figure) , which are threatened with disappearance ). From the interviews conducted with 114 men across 3 indigenous lands, we found that only 2 elders (from Xingu) could still weave 20 of the 36 designs, which shows that the knowledge of most sophisticated designs has been eroding at a fast pace and had not been passed on to younger generations.
We conducted a comparative longitudinal assessment of the number of basketry designs woven by men in the Tuiararé (with project) and Capivara (no project) villages before and five years after the Kaiabi Araa cultural revitalization project. We found that the project had a significant effect (P < 0.001) on the number of basketry designs learned by men in the participating village compared with the village that was not involved (Appendix 1; Fig.  4 ). For 25 of the 36 designs, knowledge increased after the weaving workshops; for 8 designs knowledge remained the same, and for 7 designs knowledge decreased from 2002 to 2007. Some of the more difficult designs were still threatened with disappearance, as were the complex names given to them. From the interviews repeated with the same male participants before and after the project was conducted, we registered the mention of a new "manyto-many" way of learning, from the workshop, which had not been reported by the participants in 2002 (Fig. 5) .
Throughout the Kaiabi Araa project, we documented evidence of social-ecological innovation in modes of creation and in the transmission of artistic knowledge among the Kawaiwete, including: (1) transmission of techniques across genders; (2) borrowing and modifying techniques from neighboring cultures; (3) carrying out management experiments and using substitute plant species and industrial cotton for weaving baskets and textiles; (4) connecting with museums for cultural repatriation; (5) using media (books, films, and photos) to revitalize traditional https://www.ecologyandsociety.org/vol22/iss2/art36/ knowledge; and (6) enhancing modes of learning and transmission through community-based cultural revitalization projects. In Xingu, aiming to protect the valued knowledge and the diversity of graphic designs woven in baskets, men taught women how to weave them in textiles (hammocks, straps for carrying babies, bags) using a technique borrowed from the Yudja indigenous people (Ribeiro 1984 (Ribeiro /1985 . Men also transferred the graphic designs to body painting and to other objects, such as wooden-carved benches and beaded bracelets. To cope with the scarcity of raw materials used in basketry weaving due to environmental change resulting from geographical displacement, men have used at least six plant substitutes for the arumã plant (Athayde et al. 2006) . Additional innovation mechanisms include the revitalization of forgotten designs through visual repatriation of photos archived in museum collections, and using books and media to reproduce designs through photographic documentation and video filming. During the Kaiabi Araa workshops, planned and executed by indigenous communities, the main learning model was a collaborative many-to-many mode of learning, in which many teachers, elders or not, independent of age or kinship, taught many students and could also learn from each other. Teachers and students might come from different places, reinforcing their collective identity, and creating closer ties between geographically separated groups. Collaborative learning happens in a community of practice, whose members are consciously participating in a learning activity with a shared sense of group identity (Bowser and Patton 2008) . This type of workshop entailed more freedom to innovate and learn, providing social learning opportunities otherwise unavailable in the traditional knowledge system. It documents new possibilities of generational interplay in knowledge retention and innovation, including older persons learning from younger teachers, and the expansion of options for learning from specialists in one technique or certain basketry types or designs (Fig. 6 ).
DISCUSSION
Coproduction of knowledge between different epistemological systems requires openness to appreciate other ways of learning and understanding the world. Miller et al. (2008) proposed the term "epistemological pluralism," as a philosophical principle that recognizes multiple valid and valuable ways of knowing, in which a continuous process of negotiation occurs between researchers and stakeholders. Among the Kawaiwete, as well as among other indigenous peoples, knowledge domains defined by science may be considered unfitting: art and science coexist within Ecology and Society 22(2): 36 https://www.ecologyandsociety.org/vol22/iss2/art36/ indigenous traditions. A shaman, for instance, might play both the role of an artist, creating knowledge from dreaming and connecting with spirits, and the scientist, learning-by-doing through trial and error, which can be compared to hypothesis testing. According to Erren et al. (2013) , folk knowledge held by nonscientists, such as indigenous persons, is manifested in common sense, which might be compared to the scientific research process. This knowledge results from powerful tests of hypotheses by many individuals across time and space. Indigenous thought is founded on a demand for order, like the counting system employed in basketry weaving and the detailed names given to the designs. Lévi-Strauss (1966:6) stated that "through the properties common to all thought we can most easily begin to understand forms of thought which seem very strange to us." Kawaiwete ways of interacting with the world are intertwined and solidified in a basket-being. Thus, the conceptualization of a social-ecological system by a scientist and an indigenous person or an artist may be quite different. Capturing and translating local knowledge needs to be done by specifying epistemological and theoretical orientations and choices (Evely et al. 2008) . Indigenous knowledge may not be viewed as a panacea or abstract theory that exists apart from its context. Awareness about the diverse dimensions and processes involved when attempting to frame and bound indigenous knowledge is important to avoid narrowing the problem and trying to objectify what is subjective and fluid (Crane 2010) . We thus claim for a deeper awareness in attempting to conceptualize indigenous knowledge by western science, being cautious about framing ecological knowledge dislocated from its context, separated from other domains, and neglecting its adaptive nature in contact with other knowledge systems, indigenous or nonindigenous (Berkes et al. 2000 , Brosius 2004 ).
The social-ecological valuation of diversity and complexity, placed by the Kawaiwete, is not restricted to baskets, but extends to other domains, notably crops. Just as basket makers derive considerable prestige from their mastery over a diversity of designs, some Kawaiwete men and women have accumulated a surprising diversity of crops. As with basketry, the ability to generate new forms, whether weaving designs or crop varieties, is linked to shamanistic power and agency (Guss 1989 , Silva 2004 . Such as in other areas of Amazonia, shamanism still seems to play a crucial role in the maintenance and generation of biological and cultural diversity (Salick et al. 1997) . Van Velthem (2003) argued that the multiplicity of representations, techniques, and meanings encoded in indigenous people's artistic material manifestations should lead us to talk about indigenous "arts" in the plural, commonly referred to as indigenous art in the singular. Among the Wayana people from the Brazilian Amazon, van Velthem (2003) found that the elements of form, function, and decoration were intertwined with present and primeval times and with the individual and his social group, having real and symbolic transformative capacities. The object can transform animals and plants into food (e.g., baskets, graters, and squeezers), youth into adults (e.g., earrings, tattoos, and piercings), and ordinary men into supernatural beings (e.g., masks, adornments, and other ritual objects).
The main lessons learned and implications from this experience for participatory action-research and sustainable development are:
. The ecological dimension of weaving among the Kawaiwete opened our understanding, as academics, to the multiple connections between ecological and social resilience among resource-dependent indigenous communities. These connections manifest through cosmology and history (myths, stories, spiritual connections, beliefs), natural resource use, and management techniques and practices, i.e., resources used in weaving are spread across ecosystems and some, such as cotton, are dependent on domestication, soil fertility, and social practices (such as women's stewardship) for their perpetuation. In the case of forest resources, displacement, climate change, and territorial encroachment pose risks to the sustainability of sensitive resources, such as the arumã plant.
. Coproduction of knowledge among academics and indigenous peoples might occur through hybrid natural resource management practices, combining indigenous knowledge (e.g., seasonality, collection and harvesting practices, multiple-site exploitation, rotation) with agricultural-ecological knowledge (species characteristics and needs, resource inventories, transplanting and monitoring practices, etc.). An interdisciplinary approach is called upon for academics to enable the understanding and https://www.ecologyandsociety.org/vol22/iss2/art36/ respect of cultural and ecological specificities and complexity of indigenous knowledge domains (Athayde et al. 2006 . In this case, it entailed the articulation between academic fields, such as cultural anthropology, botany, and ecology.
. The important role played by diverse community members, such as indigenous leaders, shamans, and women, in guiding the research agenda and providing specialized knowledge on the diverse dimensions and social contexts of weaving as a social-ecological practice need to be considered in research projects and policies oriented toward local empowerment and change.
. The risk of committing "epistemic injustice," or subjugation and misrepresentation of indigenous knowledge by academics needs to be recognized and addressed. Linguistic and epistemic diversity across cosmologies make the process of coproduction of knowledge especially difficult and challenging. According to Foucalt (1991) "regimes of truth" and power are the result of scientific discourse and institutions, and are reinforced (and redefined) constantly through the education system, the media, and the flux of political and economic ideologies. The same dynamics may also be extended to power dynamics within and across academic disciplinary fields.
. The innovations developed by the Kawaiwete to curb the erosion of weaving knowledge of graphic designs testify to the important role of human agency in driving cultural transmission, leading to the resilience of desired cultural traits, and related natural resources, under threat of disappearing. The continued use of the mixed many-tomany mode of learning during community-based workshops, in addition to the traditional modes of knowledge transmission, may lead to enhanced learning and innovation among participating communities, in contrast with groups adopting more conservative traditional transmission modes (Hewlett and Cavalli-Sforza 1986, Hosfield 2009 ). Our study shows the role and importance of the interplay between memory and innovation for the sustainability of indigenous social-ecological domains and practices.
. The combination of qualitative and quantitative methods helped to shed light on contemporary changes in patterns of knowledge transmission informed by new institutions and social roles such as community-based projects, collaborative research with academics, intercultural schools, indigenous associations, and the role of NGOs. Applying systematic and rigorous methods and tools to document both the process of knowledge engagement and the problem under investigation was valuable to both academic and indigenous communities.
CONCLUSION
Learning is the process through which information, experience, instruction, or study becomes knowledge or skills. Learning is a fundamental aspect of collaborative research, and as such, methods to enable, enhance, and reflect on mutual learning are critical for both coproduction of knowledge and the advancement of transdisciplinary theory and practice in sustainability science. From this experience, a critical question for building theory and methods in sustainability science may be: what forms of knowledge does humanity need to advance to sustain the world for future generations?
Methods for coproduction of knowledge between science and society require openness, patience, creativity, and interactivity to allow meaningful engagement and on-the-ground application toward problem resolution, whatever the problem defined by participating actors. Thus, such a methodological approach needs to be designed considering strategies, tools, and other methods that go beyond the traditional scientific methods used for research in biophysical, social sciences, and the humanities. If we are to go beyond the "sequestration" of indigenous knowledge by science, a reflective and interactive approach to knowledge production and application must be advanced in collaborative research projects (Bohensky and Maru 2011) .
Understanding and supporting indigenous strategies to adapt to changing social-ecological conditions is critical to inform management and political decisions for securing the integrity of indigenous lands and the ecosystem services they provide to humanity. Studies on indigenous knowledge systems cannot ignore the role that western institutions, including markets, schools, projects, and associations might be playing in changing patterns of knowledge distribution and transmission. Considering the growing mobilization and participation of indigenous peoples in the development and conservation political arena, integrative studies will also inform and enhance cultural sharing, memory, dialogue, new technologies, and notably, the persistence of indigenous practices, communities, and identities in the face of rapid change.
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